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ROOM TEMPERATURE CURABLE WATER-BASED MOLD RELEASE AGENT FOR 

COMPOSITE MATERIALS 

BACKGROUND OF THE INVBNTION 

[0001] The present invention relates to mold release agents. More particularly, it 
relates to a semi-permanent water-based mold release agent for coicposite materials. 

[0002] Molding is a well known technique for producing fiboished parts made from 
con5)Osite materials such as graphite-containing materials or fiber reinforced polyester 
materials and the like. Molded graphite-containing composite parts are particularly prevalent 
in the aerospace industry. For example, many airplane hulls (i.e. fuselage and wings) are 
constructed from a multitude of molded composite parts that are subsequently bonded 
together using an adhesive. 

[0003] Typically, layers of fiber-mat material that have been in5)regnated with a 
Uquid epoxy resin composite (such as prepreg pKes) are laid down to conform to the shape of 
a mold The mold is then heated to elevated tenperature (e.g. 100-200X) to cure the liquid 
resin composite aud provide the finished part After the mold has cooled, the finished 
molded cornposite part is removed and the mold may be used again. In order to prevent the 
finished molded part from sticking or adhering to the mold surface, a mold release agent is 
applied to the mold surface prior to applying the prepreg phes to the mold. This process is 
well known in the art. It is important for molded composite parts that they can be demolded 
gently, using minimal force because, especially for the aerospace industry, the parts often are 
quite large and delicate. This means the mold release agent must provide superior release 
characteristics. 

[0004] In certain applications, particularly when molding very large parts such as 
airplane wings, the molds are prepped at room or ambient ten5)erature, and then inserted into 
very large ovens to cure the liquid resin to form the finished molded part. Consequently, the 
molds themselves, which are quite large, are not equipped with any heating equ^ment This 
means that the mold release agent apphed to the mold surfece at room ten5)erature must also 
be curable at room temperature in a relatively short period of time, such as a few hours . 
Otherwise, if one had to place the mold in the large ovens to cure the mold release agent, 
much time, effort and productivity would be lost. Once the mold release agent has cured at 
room temperature, it must still withstand the high temperatui-es (e.g. up to 300 - 400**C) 
necessary to subsequently cure and form the molded parts. 



wo 2004/033172 PCT/US2003/031289 

2 

[0005] Fiber reinforced polyester (FRP) parts are generally molded at around ambient 
temperature (10-70°C). Most of FRP parts require a high gloss finish. This has been achieved 
by using the conventional and well known Frekote™ brand (available from Henkel Loctite) 
solvent-based semi-permanent mold release agents. However, certain FRP releases require 
their parts to have a matte finish or to have no transfer of mold release agent to the molded 
parts, such as "sanding gelcoat". Conventional water based mold release agent such silicones 
and waxes are useful to release FRP parts but result in detrimental transfer of the mold 
release agent to the molded parts. Commonly used solvent based semi-permanent mold 
release agents are popular in the noarket place but do not provide a matte finish on the 
released parts. Solvent based release agents also contain hazardous VOCs, 

[0006] There are two basic types of mold release agent, sacrificial and semi- 
permanent A sacrificial mold release agent is one that is consumed or otherwise completely 
depleted after a single molded part is made in the mold. Known sacrificial mold release 
agents include natural and synthetic coirpounds such as silicone oils, mineral oils, waxes, 
fatty acid derivatives, glycols, etc. Sacrificial mold release agents must be constantly 
reapplied to the mold surface prior to making each molded part. For this reason, sacrificial 
mold release agents are costly and cumbersome to use. Also, molded corqposite parts are 
usually post bonded (adhered to other composite parts using an adhesive). Transfers of 
saCTificial release material will affect the bonding ability of the adhesive. Hence, sacrificial 
mold release agents are not suitable for molding many composite parts, particularly for 
aerospace applications. 

[0007] Semi-permanent mold release agents are also applied to the mold surface. 
They can be of the wipe-on or spray-on type. These release agents are preferred because they 
are not con^letely depleted following a single molding operation. A single semi-permanent 
mold release agent application can be used to &cilitate the release of multq)le successive 
conoposite molded parts without reapplication of the release agent; e.g. up to 2, 3, 4, 5, 6, 7, 8, 
9, or 10, or more releases from a single mold release agent appUcation. U.S. Patent No. 
5,601,641 (incorporated herein by reference) describes one type of semi-permanent mold 
release agent that has 0. 1 to 12% silane, 0 to 16% methyl terminated polydimethylsiloxane 
emulsified polymer, 0 to 10% non-ionic surfectant, 0 to 8% fluorinated alkyl ester surfactant, 
0 to 2.5% ethoxylated amine surfactant, 0 to 12.5% silanol terminated polydimethylsiloxane 
having a weight average molecular weight of 400 to 3 10,000, 0.1 to 8% lower alkyl alcohol 
wherein the alkyl has 1-3 carbon atoms, 0 to 2% fungicide, 0 to 20% metallic salt of an 
organic acid, 0.5 to 2% weak add to maintain the pH between 4.5-5.5, 0.1 to 15% hydroxyl 
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temrinated polybutadiene, and 40 to 97% water. U.S. Patents Nos. 5,298,556 and 5,219,925 
are in the same patent family as the '641 patent mentioned above, and are also incorporated 
herein by reference. 

[0008] U.S. Patent No. 6,322,850, incorporated herein by reference, describes a 
similar semi-permanent mold release agent, wherein the silane component is present in a 
concentration of 0.5 to 12 percent by weight and is selected from the following group of 7 
specific silanes and mixtures thereof: dimethyldiethoxysilane, methyldiethoxysilane, 
dimethyldimethoxysilane, diphenyldimethoxysilane, trimethylmethoxysilane, 
trimethylethoxysilane, and aminopropyltriethoxysilane. The composition also includes a 
multi-functional polydimethyl siloxane emulsified polymer and a coinpatible surfactant, 
together with about 0. 1 to 30% by weight of ethanol, remainder water. 

[0009] The mold release agents described in the above patents are applied and cured 
at high temperature (e.g. mold temperature of 350°F). When these release agents are applied 
at room temperature, they not only provide poor release due to insufficient cure at room 
temperature, but they can also result in detrimental transfer of the mold release agent to 
finished composite parts. Also, the above-described release agents do not provide uniform 
mold surface coverage when applied to the mold surface at ambient temperature (e.g. 25T). 

[0010] U.S, Patent No. 5,399,310, incorporated herein by reference, describes 
another mold release agent comprising an oligomeric salt agent and a diluent, where the 
oligomoic salt agent is a lithium, sodium, or potassium salt, or mixture thereof, of an 
oUgomer of monomeric units or mbcture of the said oligomers, wherein the monomeric units 
are selected from the group consisting of Cu to Cu carboxylic fatty adds. This mold release 
agent is not b^eficially used to release molded composite parts due to interactions between 
the fritty acid monomeric units and the conoposite material. Also, this release agent results in 
significant detrimental transfer to the finished molded parts which interferes with or inhibits 
effective post bonding. Also, this mold release agent is not suitable for high temperature 
molding (such as con^osite molding) because the fatty acid monomeric units will liquefy or 
decompose at or above aboirt 180°C. 

[001 1] It is highly preferred that mold release agents used for molding conoposite 
parts are roomteniperature curable, especially in aerospace applications, because the molds 
are prepared at room ten^erature as explained above. After the mold has been prepared 
(including provision of the mold release agent and ihc prepreg resin composite), the mold is 
heated to elevated temperature, often in a separate oven, typically above 180°C, to cure the 
resin and form the finished composite part. 
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[0012] Up till now, room ten5)erat:ure curing semi-permanent mold release agents 
with high thermal stability have been solvait based; meamng they contain significant 
amounts of volatile organic compounds (VOCs), and have relatively low flash points and 
high vapor pressures. Exaii5)les include the Frekote™ mentioned above and other existing or 
conventional solvent-based mold release agents. These existing solvent based mold release 
agents present significant health and safety hazards, both in use and transport. 

[0013] Accordingly, there is a need in the art for a non-solvent based, thermally 
stable, semi-permanent mold release agent that provides effective mold release of mtdtiple 
successive molded composite parts following a single initial application to the mold surface. 
Preferably, such a mold release agent also will result in no or substantially no detrimental 
transfer of the mold release agent to the surface of the finished composite part, meaning that 
the mold release agent will not result in any (or significant) residue on the surface of the 
composite part that will detrimentally affect adhesive bonding to that sairface. 



[0014] A mold release agent is provided. The mold release agent comprises a 
functional siloxane, a crosslinker, a thickening agent, a ba^se, and water. The functional 
siloxane is dispersed in water. 

[00 1 S] Another moid release agent is provided that con^rises a functional siloxane, a 
crosslinker, a thickening agent, a base, a sur&ctant, and water. The functional siloxane is 
dispersed in water, and the mold release agent has a shelf life greater than five months at 
about 25°C. 

[0016] Another mold release agent is also provided that con^rises afunctional 
siloxane, a crosslinker, a thickening agent, a base, a surfactant, and water. The functional 
siloxane is dispersed in water, and the mold release agent has an initial viscosity of 10-10,000 
cPat25°a 

[0017] A method of preparing a water based mold release agent for molded con^posite 
parts is also provided The method includes the steps oC a) providing a Part 1 coxq)osition 
that has 0.01-10 weight percent functional siloxane, 0.1-10 weight percent crosslinker, 0.01- 
10 weight percent sur&ctant and water, b) providing a Part 2 con^osition that has 1-25 
weight percent catalyst and 20-80 weight percent thickening agent; c) providing a Part 3 
composition that has a base; and d) blending the Part 1 , Part 2, and Part 3 conq)osttions 
together to provide the mold release agent. The base is effective to adjust the pH of the mold 
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release agent to 7-1 1 to thereby activate the tiiickening agent to provide the mold release 
agent with an initial viscosity of 10-10,000 cP at 

[0018] A method of molding a composite part is also provided which includes the 
following steps: a) providing a mold surface; b) providing a mold release agent that includes 
a functional siloxane, a crosslinker, a thickening agent, a surfactant, abase, and water, 
wherein the functional siloxane is dispersed ia water, c) flying a coating of the mold 
release agent via wipiag or spraying to the mold surfece; and d) allowing the coating to dry 
for a period of time. 

[0019] A water based mold release agent is also provided that is made by a method 
including the following steps: a) providing a Part 1 composition that has 0.01-10 weight 
percent functional siloxane, 0. 1-10 weight percent crosslinker, 0.01- 10 weight percent 
surfactant, and waten b) providing a Part 2 composition that has 1-25 weight percent catalyst, 
and 20-80 weight percent thickening agent; c) providing a Pait 3 conqjosition that has a base; 
and d) blending the Part 1, Part 2, and Part 3 con:5)ositions together to provide the mold 
release agent. The base is effective to adjust the pH of the mold release agent to 7-1 1 to 
thei'eby activate the thickening agent to provide the mold release agent with an initial 
viscosity of 10-10,000 cP at 25^C. 

DRTATT Rn DHSirRT PTION OF THE PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0020] As used herein, when a range is given such as 5-25, that means preferably at 
least 5, and separately and independently, preferably not more than 25. As used herein, the 
teim solvent refers to organic solvents. Also as used herein, the terms functional siloTcane 
and fimctionalized siloxane are used synonymously to refer to a siloxane that has been 
fimctionalized by appropriate substitution or addition of a functional group to at least one Si 
atom of the siloxane chain, which fimctional group is capable of or effective to &cilitate 
crosslinking the siloxane chain in a crosslinking reaction as known in the art. Unless 
otherwise explicitly indicated, all percents are weight percents. 

[0021] A room temperature curable water based mold release agent for molded 
composites is provided. The composition of the invented mold release agent is best 
understood from a descrq)tion of the preferred method of preparing it. The invented mold 
release agent is prepared by blending three component Farts which are preferably prepared 
separately. Table 1 below discloses the preferred compositions of the three Parts which are 
subsequently blended to provide the invented mold release agent. In Table 1, all values are 
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weight percents, and all weight percents are with respect to the total weight of each Part; (i.e. 
0.05-3 weight peicent functional siloxane in Table 1 means 0.05-3 weight percent of the Part 
1 conq)Osition. For each Part, any less preferred or more preferred concentration or range for 
any one component can be combined with any less preferred or more preferred concentration 
or range of any of the other con^onents; it is not required that all of the concentrations or 
ranges for all of the con:;)onents come from the same cohmm. 



Table 1 : Corqposition of water based mold release agent for molding composites 

Cbu^xment I¥efarred LessPrefbired 

Parti 



LessPtefefired 



Functional sib;cane 



Crosslinker 



0.05-3 
0.04-3^ 



0.2-5 
0.18-5^ 



0.01-2 
0.01-2.2 



0.04-3.5 
0.03-4 
0.03-4.5 

0.18-5.5 
0.16-6 
0.14-6.5 

0.008-2.4 
0.008-2.6 
0.006-2.8 



aQ2-5.5 
0.02-6 
0.01-10 

0.12-7 
0.1-7.5 
0.1-10 

0.006^ 
0.004-3.2 
0.002^3.5 



Slip Agpnt 


0-20 






Water 




Balance 




Pmt2 








Catalyst 


7.5-15 
7-16 


6-17 
5-18 
4-19 


3-20 
2-22 
1-25 


Tiansfer ocraliol leag^nt 


20-30 
18-32 


16-34 
14-36 
12-38 


10-40 
8-42 
0-45 


Wetting agent 


10-25 
9-26 


8-28 
7-30 
6-32 


5-34 
4-36 
0-38 


ThidcBning agent 


40-60 
38-62 


36-64 
/ 34-66 
32-68 


30-70 
25-75 
20-80 


Cbbrd/e 


0-10 







Parts 
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[0022] Parts 1-3 from Table 1 will now be described Part 1 is a blended siloxane 
emulsion. The functional siloxane is preferably silanol-functional, less preferably vinyl-, 
alkoxy, hydiide-, or carboxy-fimctional, or any combination thereof The functional siloxane 
may be one or more of following structural formula: 




where Ri, R2, R3, R4> R5 and R6 individually can be the same or different and may be C1-3 
alkyl, vinyl, hydride, or alkoxy, and n is about 0 to about 100,000; Pi and P2 can be the same 
or different and can be silanol, hydride, aDcyl, vinyl, carbinol or carboxy groups. Interruption 
of the polymer chain by a hetero-atom is also within the scope of the present inventioiL 

[0023] Preferably, the functional siloxanes used herein are bi-fiinctional siloxanes, 
meaning that they have two functional groups attached or bonded to different (or the same) 
silicon atom(s) in the siloxane chain. Terminally bi-functional siloxanes (those having a 
functional group attached to each of the two terminal silicon atoms in the siloxane chain) are 
preferred in the invention because they are widely available; however, it is not required that 
the bi-functional siloxanes be terminally bi-fiinctional. Multi-functional siloxanes (having 3 
or more functional groups bonded to Si atoms in the chain) can also be used. The siloxane 
used herein is preferably dimethyl siloxane, less preferably vinyl siloxane, less preferably 
methyl siloxane, or mixtures thereof 

[0024] The remainder of the description is provided with respect to bi-silanol- 
functional siloxanes which are most preferred; however it will be understood that other 
functional siloxanes, including those described above, can be used in the present invention, 
and a person of ordinary skill in the art will be able to adapt the following descrq)tion for use 
of other functional siloxanes when they are used instead of silanol-functional siloxane. 

[0025] The silanol-functional siloxane is preferably a substantially straight-chain or 
linear dimethyl siloxane, preferably having a functional silanol (Si-OH) group at each of its 
terminal ends (le. it is terminally bi-functional). The structure of the preferred silanol- 
functional siloxane is HO(CH3)2-Si-(0-Si(CH3)2-0-Si(CH3)2)x-0-Si(CH3)20H. Preferably, x 




• 
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is chosen so the siloxane has a molecular weight in the range of 500 - 1,000,000, preferably, 
1,000 - 800,000, preferably 10,000 - 500,000, preferably 15, 000 - 300,000, preferably 18,000 
- 200,000, preferably 20,000 - 100,000. In a useful embodiment of the invention, x is 
selected to provide siloxanes having a molecular weight in the range of 4,000-100,000. Less 
preferably, the silanol-ftmctional siloxane can be branched. 

[0026] Also less preferably, the siloxane can be mono-functional as opposed to bi- 
functional; that is, it can have only one Si-OH functional group, e.g. at one terminus, with the 
other terminus being nonfunctional e.g. Si-(CH3)3. Mono-functional siloxanes are strongly 
less preferred because they are not effectively crosslinked due to their having only a single 
functional group. The resuh of crosslinking a mono-functional siloxane would be a pharaKty 
of largely linear, discrete molecules rather than the multi-dimensional crosslinked molecular 
cage or matrix that results from the strongly preferred bi-fimctional species described above. 

[0027] The crosslinker facilitates cross-linking of the mold release agent on the mold 
surface during cure to produce a semi-permanent release fihn on the mold surface. The 
crossUnking agent preferably is a functional silane having the general formula X-SiABC, 
where X is a methyl, alkoxy, vinyl, acetoxy, hydride or ethyl group, preferably a methyl or a 
vinyl group, and A, B, and C individually can be the same or different from one another, each 
being a methoxy, ethoxy, propoxy, acetoxy, methyl, vinyl, or ethyl group, preferably an 
efhoxy group. Preferably, the crosslinker is a tetra- or atri-fimctional crosslinking agent such 
as tetra-alkoxy or tri-alkoxy functional silane, less preferably a bi-fimctional agent such as bi- 
alkoxy functional silane. For example, a tetra-alkoxy functional silane having four ethoxy 
fimctional groups can be provided from the general formula above by selecting ethoxy for X, 
and ethoxy for all three of A, B and C. Whereas a tri-alkoxy functional silane having three 
ethoxy functional groups and one methyl non-functional group can be provided by selecting 
methyl for X and etho^g^ for all three of A, B and C, Combinations of tetrar, tri- and bi- 
functional silanes are also preferred. In general, the size and electronegativity of the 
functional groups detennine the curing speed of the mold release agent. A methoxy 
functional group is preferred for A, B and/or C for faster hydrolysis speed. However, ethoxy 
is generally preferred for two reasons. First, the byproduct of the crosslinking reaction is 
ethanol when the functional group is ethoxy, whereas methanol results when the functional 
group is methoxy. Ethanol can be disposed of cheaply and easily, while methanol is highly 
toxic and heavily regulated making its disposal significantly more costly. Second, the ethoxy 
hydrolysis and condensation reactions proceed at a more favorable rate than the 
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coiresponding methoxy hydrolysis and condensation reactions once the mold release agent is 
applied to the mold surface. 

[0028] Less preferably, longer-chain alkyl groups can be used for X and/or A, B and 
C, which will slow the crosslinking reaction. Less preferably, the crosslinker can be or 
include MQ resins, siHcates, and/or alkoxy-, hydro-, and vinyl-silanes, or mixtures thereof It 
is to be noted that the relative concentrations of crossUnker and functional siloxane in Part 1 
must be carefully controlled so as not to provide substantial excess of one or the other; too 
much functional siloxane, and the uncrpsslinked excess can be detrimentally transferred to 
the molded composite part surface and interfere with adhesive bonding (described below). 
Too much crosslinker may result in difficult release of molded composite parts from the mold 
surfece. It is generally preferred to provide a balanced excess (such as > 0. 1 % excess) of the 
crosslinker to ensure sufficient crosslinking of the siloxanes in the mold release agent in order 
to prevent detrimental transfer of siloxanes to molded con[q)osite parts (described below). 

[0029] The sur&ctant in Part 1 is preferably a mixture of sur&ctants including but 
not limited to one dtphenyl sulfonate oi* a derivative thereof, one silicone based sur&ctant, 
and one ethoxylated alkylphenoL 

[0030] in Part 2, the catalyst is an organo-tin or an organo-titanium or any other 
catatyst that is eflfective to accelerate or promote curing of the mold release agent (ie. 
aosslinking of the siloxane from Part 1) at ambient ten;)erature, preferably S-70, preferably 
10-55, preferably 15-45, preferably 20-35, preferably 22-30, preferably about 25, X. 
Preferably, the catalyst is an emulsion (or aqueous solution) type catalyst meaning that the 
catalyst is provided with the catalytic solids emulsified and stable in a water carrier phase. 
Emulsion type catalysts are more effectively blended with the other components (including 
those from Parts 1 and 3) to provide the invented mold release agent. Preferably, the catalyst 
includes organo-tin con:q)Ounds, organo-titanium compounds, or a mixture thereof 
Emulsified organo-tin and organo-titanium based catalysts are known in the art, and are 
available, e.g.^ from Dow Chemical Company, E. L DuPont de Nemours, Inc., and Hanse 
Chemie. 

[003 1] The transfer conirol reagent is an optional con^onent that is added to limit or 
minimize detrimental transfer of the mold release agent from the mold sur&ce to finished 
molded coit^osite parts. A suitable transfer control reagent is an aDcyl-fimctional siloxane 
emulsion having 50% active ingredients (solids). The aOcyl group is preferably an aUphatic 
carbon chain having a length of 1 to 18 carbon atoms, generally the larger the number of 
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carbon atoms the better. Preferably, an aromatic moiety such as 2-phenylpropyl is also 
attached 

[0032] The wetting agent is preferably a super wetting agent as known in the art, 
such as a trisiloxane based surfactant, less preferably a fluoro based surfactant The wetting 
agent is effective to promote effective wetting of a mold surface with the invented mold 
release agent when applied thereto, e.g. via wiping, less preferably spraying. In one 
embodiment of the invention, the surfactant con5)onent of the Part 1 composition from table 
1 (used to emulsify the crosslinker) can also serve as a wetting agent. In this embodiment, no 
additional or separate wetting agent con5)onent from the surfactant con5)onent listed in table 
1 may be required 

[0033] The thickening agent is preferably Ucar™ available from Dow Chemical 
Cornpany. Less preferably, other known or conventional thickening agents can be used; e.g. 
Cab-o-Sil® from Cabot Corporation, Methocel™ family of thickening agents from Dow 
Chemical Con^any, and Class™ from The Procter cS: Gamble Company. The thickening 
agent is provided to increase the viscosity of the invented water based mold release agent as 
will be further described below. 

[0034] A commonly available sUp agent can be used to achieve better release 
performance. Any known or conventional slip agent can be used, including but no limited to 
functional and non-fimctional siloxanes, partially fluorinated siloxanes, and fluorinated 
hydrocarbons. The presence and/or amount of slip agent can be selected or detennined 
within the specified range by a person of ordinary skill m the art based on the desired or 
observed release performance for a particular application. 

[0035] A color indicator or ^e also can be added to the invented mold release agent 
The function of a color indicator is to show the proper coverage of the mold release agent on 
the mold surface when required or beneficial to visualize coverage of the noold surface. 
Generally, the selected color indicator is stable in water-based media and chemically 
con[5)atible with other ingredients in the release ag^. The preferred color indicator is 
selected so that no contaminating transfer of the dye to the molded part will occur. 

[0036] Part 3 preferably consists of a base that is effective to adjust the pH of the 
invented mold release agent in the range of 7-1 1, preferably 8-10 in ordo: to activate the 
thickening agent as further described bebw. The base is preferably an organic amine base, 
preferably ethanolamine. 

[0037] Parts 1, 2 and 3 as described above are first separately prepared, and then 
subsequently blended at room temperature, preferably 0-40, preferably 10-35, preferably 15- 



• 
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30, preferably 20-27, °C, in the proportions provided below in Table 2 to provide the 
invented water based mold release agent. In Table 2, aU values are weight percents, and any 
less preferred or more preferred concentration or range for any Part can be combined with 
any less preferred or more preferred concentration or range for any of the other Parts; it is not 
required that all of the concentrations or ranges for aU of Parts 1, 2 and 3 come from the same 
column. 



Table 2: 

Par(# 
Parti 

Part 2 

Parts 
Total 



Blending proportions of Parts 1, 2 and 3 to provide water based mold 
release agent 

Less Preferred 



Preferred 



90.99.5 



0.1-8 



0.1-2 



89-9915 
86-9a6 
84-99J 

a09^.2 
a08-6.4 
0.07-8.6 

0.09-2.2 
0.08-2.4 
0.07-2.6 

— 100 



Less Prderred 
82-99.8 
81*99.9 
80-99.9 

0.06-9 
0.05-10 
0.02-14 

006-2.8 
0.0M 
0.02-4 



[0038] As Paits 1, 2 and 3 are blended or mixed, the emulsion pH is raised using a 
commonly available water soluble base such as ethanolamine, which activates the thickener 
and raises the viscosity of the mold release agent. The invented mold release agent 
preferably has an initial viscosity of 10-10,000, preferably 25-5,000, preferably 50-2,000, cP 
at 25T, i.e. before any water has evaporated therefrom. Without wishing to be bound by a 
particular theory, it is believed that the high solution viscosity of the invented mold release 
agent inhibits or substantially inhibits contact between catalyst molecules, functional siloxane 
molecules and crosslinks' molecules in the composition, which in turn prevents or delays or 
substantially prevents or delays crosslinking of the mold release agent This is achieved 
through high solution viscosity because individual eddies in the con^position move very 
slowly relative to one another, and hence the frequency or occurrence of collisions between 
catalyst and siloxane molecules is minimized. This promotes longer shelf life for the 
invented water based mold release agent. Shelf life of greater than five months has been 
observed for the invented mold release agent when stored at room ten9)erature, e.g. about 
25T. 
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[0039] However, once q)p]iedto a mold surface (e.g. via wiping or spraying), the 
water begins to evaporate. As the water evaporates, catalyst and siloxane molecules in the 
composition .aie brought closer together (coalesce) due to the depletion of the carrier (water) 
volume. As the relative proximity of siloxane and catalyst molecules increases, the 
frequency of molecular collisions and interaction increases causing a more rapid siloxane 
coalescence cascade due to cross-linking of siloxane molecules as will be understood by a 
person of ordinary skill in the art. This evaporative coalescence effect essentially activates 
the crosslinking cascade for the siloxane molecules to provide the desired siloxane-molecular 
matrix adjacent and adhered to the mold surface. 

[0040] Most preferably, the Parts 1, 2 and 3 from Table 1 supra are blended according 
to the preferred proportions listed in Table 2 above, to provide a room tenoperature curable, 
thermally stable, water-based mold release agent according to the invention, preferably 
having a final con:]position as listed below in Table 3. 
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Table 3: Preferred corcposition of room tenq)erature curable, thermally stable, water- 
based mold release agent for de-molding conpostte parts 



Component 


Preferred 


Less 

Prf»ff=>TTP/i 


Less 

pTRfpTTP/f 


Silanol-fimctioiial 


0.04-2.99 




0.018-4.5 


suoxane 


0.036-3.48 


0.018-5.5 






0.03-3.98 


0.009-10 


Alkoxy-iimctioiLal 


0.18-4.98 


O.ld-5.17 
0.14-6 


0.1-7 
0.1-7.5 






0.13-6.47 


0.09-10 






0 01.7 IQ 




Sur&ctant 


0.009-2 


0.008-2.4 


0.003-3.2 






0.007-2.6 


0.0018-3.5 






0.007-1.3 


0.003-1.6 


Catalyst 


0.007-1.2 


0.006-1.36 


0.002-1.8 






0.005-1.44 


0.001-2 


jwsyi luncuQnai 


0.02-2.4 


0.018-2.56 


0.01-3.2 


siloxane emulsion 


0.016-2.7 


0.008-3.36 






0.014-2.9 


0-3.6 






0.009-2.1 


0.005-2.7 


Wetting ageot 


0.01-2 


0.008-2.24 


0.004-2.9 






0.007-2.4 


0.003-3.1 






0.04-4,96 


0.03-5.6 


Thickening ageat 


0.04-4.8 


0.036-5.1 


0.02-6 






0.034-5.3 


0.02-6.4 






0.09-2.2 


0.06-2.8 


Base 


0.1-2 


0.08-2.4 


0.05-3 






0.07-2.6 


0.04-4 


S^p Agent 


0-20 






Color dye 


0-10 







Water — — ^Balance- 



[0041] In practice, the invented mold release agent is preferably applied to a mold 
surface via wiping or spraying as known or conventional in the art. For initial application, 
the mold surface is preferably cleaned or polished thoroughly, and dried via conventional 
techniques. Then, a coating of the invented mold release agent is appKed, preferably via 
wiping or spraying. The coating is allowed to dry for a period of time, preferably about 15 
minutes, and an additional coating applied. This procedure is repeated until preferably at 
least 2, preferably 3, preferably 4, coats have been applied It has been found that the water 
substantially completely evaporates from the mold surfece under ambient teirperature 
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conditions (22-27, preferably about 25°C) within 10-30 minutes without the addition of a 
volatilizer such as alcohol. When used for releasing molded epoxy based resin parts, 
sufficient cuiing (i,e, siloxane crosslinking) of the release agent necessary to ensure adequate 
epoxy resin part release is achieved in less than 5, preferably less than 4, preferably less than 
3, hours at ambient temperature (22-27, preferably about 25°C) following appHcation of the 
final coat. When used for polyester based resin parts, the required cure time for the release 
agent is significantly decreased to less than 1 hour, preferably less than 40 minutes, 
preferably less than 30 minutes at ambient temperature (22-27''C). 

[0042] The invented mold release agent has no flash point and is not flammable or 
combustible. The mold release agent is devoid or substantially devoid of VOCs, preferably 
containing less than 5, 4, 3, or 2, grams of VOCs per Kter of the mold release agent 
Therefore, the invented water based mold release agent does not present any significant 
health or safety hazards either in use or in transport. For exan^le, the invented water based 
mold release agent preferably can be shipped via standard carriers or even by mail without 
the necessity of arrauging special shipping due to the presence of dangerous VOCs or other 
dangerous properties, such as toxicity, high flammability, and low flash point which are 
characteristic of solvent based mold release agents. 

[0043] The invented mold release agent provides efifective release of multq)le 
successive composite molded parts following a single initial plication of the mold release 
agent. Depending on prevailing conditions, it may be desii'able to apply a touch-up coat of 
the mold release ageift following a certain number of molding operations; e.g. after 1, 2, 3, 4, 
5, 6, 7, 8, 9, or more, consecutive releases. 

[0044] The invented water based mold release agent has also been shown to result in 
no or substantially no detrimental transfer of the mold release agent to flie surfece of 
con5)osite molded parts. Detrimental transfer is defined herein to mean any transfer of the 
mold release agent or mold release agent components that causes a detrimental effect on 
subsequent adhesive bonding (post bonding) of the composite part to another composite part 
or other surface. 

EXAMPLE 

[0045] A test was performed to measure flie degree of detrimental transfer of mold 
release agent to con^wsite surfeces molded and released using the invented mold release 
agent. Five sheets of prepreg fiber-mats or plies were laid and molded on a mold surface 
that had been previously coated with the invented mold release agent at room temperature as 
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described above. The resulting molded composite was then adhered to the surfece of another 
composite part using Hysol BA 9695 adhesive as known in the art. The bond thickness was 5 
mils. The bond strength was measured using an Instron machine. Bond tensile strength and 
failure mode were each noted and recorded and are piovided below in Table 4. 



Table 4: Bxperhnental post-bond adhesive failure mode data for adhered 

conposite parts demolded using the mold release agent according to 
the invention 



Period of storage of mold release 
agent (dsys) 


Tensile bond strength (psi) 


Failure mode 


0* 


1275 


Cohesive 


9 


1331 


Cohesive 


36 


1398 


Cohesive 


45 


1605 


Cohesive 


54 


1070 


Cohesive 


63 


1606 


Cohesive 


72 


1574 


Cohesive 


99 


1063 


Cohesive 


130 


1551 


Cohesive 


150 


1135 


Cohesive 



* Zero*day Aonffs test was a oontrol, wfaece the suriaoat of both adhered paits were lig^ eandedto dimiaote any possibility of detdmaktBi tma&s of the mold 
release agent 



[0046] From Table 4, the invented mold release agent resuhed in adhesive bond 
tensile stroigth conparable to that of the control, and the conoposite exhibited cohesive 
failure for mold release agent having a shelf life from 9-1 SO days. Cohesive Mure (as 
opposed to adhesive failure) means that the con^osite part itself broke or snapped; i.e. the 
adhesive bond remained intact in all tests. This test demonstrated that the mold release agent 
(even after 150 days of shelf life) did not result in my measurable detrimental transfer of the 
invented mold release agent to molded con^Dosite surfaces. This was a highly surprising 
result. In addition, all con^osite parts tested in Table 4 exhibited high quality mold release 
with no damage or blemishing to either the mold surfece or the conntposite part for all periods 
of shelf life storage of the mold release agent. 

[0047] The water based mold release agent according to the invention has been 
shown to provide excellent mold release for both Prepreg and Synskin molded composite 
parts at ambient temperatures following room temperature curing of the mold release agent 
with no extrinsic curing accelerants (such as co-solvent, UV or heat) bemg used. The water 
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based mold release agent accordiiig to the invention has also shown to provide excellent mold 
release for all types of polyester resin conq^osite parts (gelcoat, non-gelcoat) at ambient 
temperature following ambient tenperature curing of the mold release agent without any 
curing accelerants (heat, co-solvent, UV) being used. The invented mold release agent also 
has demonstrated good release performance for other commonly molded polymer materials, 
such as polyethylene, polypropylene, polycarbonate, hotmelt, and rubber. 

[0048] The invented mold release agent is room tonperature curable (e.g. at 22-27, 
preferably about 25°C), is thermally stable up to at least 200°C, preferably at least 250''C, 
preferably at least 300°C, for a period of at least 3, preferably 5, preferably 7, preferably 10, 
20, 30, 45 or 60, days. The mold release agent also facilitates effective release of multiple 
successive molded composite parts following a single initial application to the mold sur&ce. 
The invented mold release agent also results in no or substantially no detrimental transfer of 
the mold release agent to the surface of finished molded conqjosite parts. 

[0049] From the above, it will be clear that the mold release agent according to the 
invention is curable at room ten5)erature, yet contains no VOCs or any organic caniers and 
can be used to demold composite parts (such as epoxy and polyester resin parts) fliat are 
cured at any commonly used molding t^q)eratures, for exanople at considerably elevated 
temperatures, up to 200 or 300 or even 400, degrees C, However, it should be noted that the 
invented mold release agent also can be cured at high ten^eratures if desired, and also can be 
used to demold room ten5)erature or low tai5)erature cured molded parts such as gelcoat 
parts which are made from polyester, polystyrene, epoxy, or a mixture of these. Other 
molded parts for which the mvented mold release agent can be used include polyethylene, 
polypropylene, and polycarbonate parts. The mold release agent according to the invention is 
particularly useful in plications where the mold is prepped at low ten9)eratures, such as less 
than lOO^C or 80*C, and particularly at room temperature (25*C), yet the molded part (e.g. 
epoxy) is cured at high ten5)erature, such as 180 - 280'^C or higher. In these applications, the 
mold release agent is curable at room temperature, yet remains thermally stable up to the 
curing temperature of the (epoxy) molded part, so that efifective mold release can be achieved 
foUo^vtriog part cure. 

[0050] If the mold release agent is cured at elevated temperatures, it still performs 
well as desoribed herein, the principal difference being ttiat it cures fester than otherwise 
described Conventional water based mold release agents cannot be adequately cured at 
aznbient temperature within a reasonable time so as to provide consistent, effective mold 
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release of multiple successive molded parts, wMe still eiosuring no or substantially no 
detrimental transfer of the mold release agent to released molded parts. 

[0051] Although the above described embodiments of the invention constitute the 
preferred embodiments, it should be understood that modifications can be made thereto 
without departing from the scope of the invention as set forth in the emended claims. 
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1 • A mold release agent coin)rising a functional sUoxane, a crosslinker, a 
thickening agent, a base, and water, said functional siloxane being dispersed in water. 

2. A naold release agent according to claim 1, said functional siloxane being a 
silanol-fiinctional siloxane. 

3 A mold release agent according to claim 1, said functional siloxane being bi- 
functional. 



4, A mold release agent according to claim 1, said crosslinker being a tetra- 
aJkoxy functional silane. 

5 A mold release agent according to claim 1 said crosslinker being a tri-alkoxy 
fixnctional silane. 



6 A mold release agent according to claim 5 said tri-alkoj^r functional silane 
having the general formula X-SiABC where X is selected from the group consisting of 
methyl, vinyl, acetoxy, hydride and ethyl groups, and A, B and C are each individually an 
aJkoxy group. 

7. A mold release agent according to claim 6, wherein A, B and C are each 
individually selected from the group consisting of methoxy, ethoxy and propoxy ffo\xps. 

8. A mold release agent according to claim 1, said functional siloxane having at 
least one functional group selected from the groiq) consisting of silanol-, vinyl-, alkoxy-, 
hydride-, amino-, and carboxy-fimctional groups, 

9. A mold release agrat according to claim 1, said mold release agent having less 
than 5 grams VOCs per liter of said mold release agent. 

10. A mold release agent according to claim 1, having no flash point. 
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11. A mold release agent according to claim 1 , being effective to facilitate at least 
3 effective releases of molded cbn5)osite parts from a mold surfece with substantially no 
detrimental transfer of mold release agent to said molded composite parts. 

12. A mold release agent according to claim 1, further comprising at least one 
component selected from the group consisting of wetting agents and surfactants. 

13. A mold release agent according to claim 1, further conpising a slip agent 

14. A mold release agent according to claim 1 , further comprising a dye. 

15. A mold release agent according to claim 1 , fijrfher con5)rising a transfer 
control agent. 

16. A mold release agent according to claim 1 , effective to provide substantially 
uniform wetting of a mold sur&ce when applied thereto via spraying or wiping. 

17. A mold release agent according to claim 1 , said mold release agent being 
effective, after curing for less than 5 hours at room ten^jerature following qjplication to a 
mold surface, to facilitate effective release of a molded epoxy part. 

18. A mold release agent according to claim 1 , said mold release agent being 
effective, after curing for less than 40 minutes at room terqjerature following application to a 
mold surfece, to facilitate effective release of a molded gelcoat part. 

19. A mold release agent according to claim 1 , said base being ethanolamine. 

20. A mold release agent according to claim 1, having a pH of 7-1 1 . 



21. 
at25°C. 



A mold release agent according to claim 1, haviug a viscosity of 10-10,000 cP 
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22. A mold release agent according to claini 1, being effective to provide 
substantially no detrimental transfer to a molded conoposite part molded on a mold surface 
coated with said mold release agent. 

23 . A mold release agent according to claim 1 , said functional siloxane having the 
following structure: HO(CH3)2-Si-(O.Si(CH3)2-O-Si(CH3)2)x-0-Si(CH3)2OH, where x is 
selected such that said functional siloxane has a molecular weight in the range of 4,000 - 
100,000. 

24. A mold release agent according to claim 1, said functional siloxane having the 
following stmcture: 




where Ri, R2, R3, R45 R5 and individually can be the same or different, each being selected 
from the group consisting of C1.3 alkyl, vinyl, hydride, and alkoxy groups, where n is about 0 
to about 100,000, and where Pi and P2 can be the same or different, each being selected from 
the group consisting of silanol, hydride, alkyl, vinyl, carbinol and carboxy groups. 

25. A mold release agent comprising a fimctional siloxane, a crosslinker, a 
thickening agent, a base, a surfectant, and water, said fimctional siloxane being dispersed in 
water, said mold release agent having a shelf life of greater than five months at about IS^'C. 

26. A mold release agent comprising a functional siloxane, a CTosslinkor, a 
thickening agent, a base, a surfectant and water, said functional siloxane being dispersed in 
water, said mold release agent having an initial viscosity of 10-10,000 cP at 25^C. 

27. A method of preparing a water based mold release agent for molded composite 
parts, comprising the steps of 
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a) providing a Part 1 coiiq)ositioii, said Part 1 coinposition coii9)rising 0.01-10 weight 
percent functional siloxane, 0.1-10 weight percent crosslinker, 0.01-10 weight percent 
surfactant, and water; 

b) providing a Part 2 composition, said Part 2 cortiposition comprising 1-25 weight 
percent catalyst, and 20-80 weight percent thickening agent; 

c) providing a Part 3 composition, said Part 3 composition conpising a base; and 

d) blending said Part 1, Part 2, and Part 3 conopositions together to provide said mold 
release agent, said base being effective to adjust the pH of said mold release agent to 7-1 1 to 
thereby activate said thickening agent to provide said mold release agent with an initial 
viscosity of 10-10,000 cP at 25°C. 

28. A method according to claim 27, wherein said Parts 1, 2 and 3 are blended at 
0-40X. 

29. A method according to claim 27, said fimctional siloxane being a silanol- 
functional siloxane. 

30. A method according to claim 27, said fimctional siloxane being bi-fimctional. 

31. A method according to claim 27, said crosslinker bemg an alkoxy-functional 

silane. 

32. A method according to claim 3 1 , said alko^-fimctional silane being a tci- 
alkoxy-functional silane having the general formula X-SiABC where X is selected from the 
gro\q) consisting of methyl, vinyl, acetoxy, hydride and ethyl groups, and A, B and C are 
each individually an alko^ group. 

33. A method according to claim 27 said fimctional siloxane having at least one 
functional group selected from the group consisting of amino-, vinyl-, alkoxy-, hydride-, and 
carboxy-functional groups. 



34. A method of molding a composite part couGprising the steps of: 
a) providing a mold sur&ce; 



wo 2004/033172 PCT/US2003/031289 

22 

b) providing a mold release agent, said mold release agent conaprising a functional 
siloxane, a crosslinker, a thickening agent, a surfactant a base, and water, said fimctional 
siloxane being dispersed in water; 

c) q^ptying a coating of said mold release agent via wiping or spraying to said mold 
sur&ce; and 

d) allowing said coating to dry for a period of time. 

35. A method according to claim 34, said period of time in step (d) being about 15 
minutes. 

36. A method according to claim 34, wherein said steps (c)-(d) are repeated until 4 
of said coatings have been applied to said mold surface. 



37. A water bdsed mold release agent made by the method of claim 27. 



